I. INTRODUCTION
Increasing popularity of herbal plants has improved their commercial importance. Since they are usually used as dried, determination of their drying characteristics are essential for their preservation and storage in longer periods [1] .
Fluidized beds are widely used for the drying of granular solids such as grains, fertilizers, chemicals, pharmaceuticals and minerals [2] . This type of dryers is based on the phenomena of fluidization. Fluidization is the operation by which solid particles are transformed into fluid-like state through suspension in gas or liquid [3] .
Fluidized beds as compared to other modes of drying offer advantages such as high heat capacity of the bed, improved rates of heat and mass transfer between the phases and ease in handling and transport of fluidized solids [4] . Chamomile flowers are one of the large and dense particles with poor fluidization quality due to formation of large bubbles in the bed and unable to fluidize in a usual fluidized bed system which leading to partial fluidization or even de-fluidization. For fluidized bed drying, good particle mixing is essential. Thus beds of particles those are difficult to fluidize due to strong polydispersity, particle size, or particle-to-particle adhesive forces, with the ordinary Fluidized bed system, vibration is normally applied to improve the fluidization Manuscript quality and the mixing effect [5] . There are some reports on the fluidization behaviors for medicinal plant with or without vibration [6] , [7] .
Fluidized bed technology have been extensively reported for drying various products such as apple [8] , green peas [9] , olive pomace [10] and castor oil seeds [11] . But information about drying of medicinal plant is very limited. A list of simple semi empirical models commonly used to represent drying kinetics, such as Newton model, Page model, Henderson and Pabis model were detailed, justifying its utility for the design of fluidized beds [4] . Therefore, in this research, the vibro fluidized bed dryer is proposed as an alternative for drying of chamomile flower due to that there are not yet studies available about drying chamomile flower. For these reasons, the aims of present research were: 1) To study the effect of operating conditions on vibro fluidized bed drying kinetics of the chamomile flower at laboratory scale. 2) To fit the drying kinetics with three mathematical models and select the best mathematical model to represent accurately the drying of chamomile flower.
II. MATERIAL AND METHOD

A. Plant Material
Chamomile flowers were collected from the region of Norabad (Fars province, Iran) in May 2013. True density of the particles ( p  ) was determined by liquid pycnometer method using toluene (density equal to 0.87 g/ml at 20℃). Apparent density ( a  ) was calculated by weighing the mass of sample by the vessel of known volume. The porosity of the bed was calculated as (1− a Shape factor was determined by measuring dimensions of material using a caliper. The properties of the material are summarized in Table I .
B. Drying Equipment and Experimental Procedure
The drying experiments were carried out using a pilot scale An Investigation on Drying Kinetics of Chamomile Flower in Vibrofluidized Bed Dryer
Mahmood Reza Rahimi, Roghaye Zamani, and Hossein Sadeghi vibrofluidized bed dryer "V.F.B.D.," designed at the process intensification research laboratory department of Chemical Engineering University of yasouj, Iran. The experimental setup is illustrated in Fig. 1 , consists of eight major components: column fluidized bed, oil filter, air flow meter, electrical motor, temperature instrument, a vibration generation system, air heater and central control unit. The cylindrical vibrofluidized bed column is made of acrylic which was 0.80 m high with an internal diameter of 0.1m. This column was separated from a 0.20 m high windbox by a porous plate distributor. The distributor plate is constructed from stainless steel of 2 mm thickness, which arranged in a triangular pattern. The vibration system consists of an electrical motor where is controlled by means of a belt and springs. Vibration frequency is controlled using an LF inverter with a vibration frequency varying from o to 60 Hz. Drying air was supplied from a high-pressure air source and its pressure was adjusted by a regulator. Air was passed through a rotameter and then was heated by a controlled electrical heater. The temperature of drying chamber controls by a proportional, integral and derivative "P.I.D.," controller with pt-100 type thermocouple within accuracy of  0.1℃. Two thermocouples located at the bed inlet and outlet measure the temperature of air before entering and after existing of the column.
C. Determination of Moisture Content
The initial moisture contents "M.C.," of fresh chamomile flowers was (83.34±0.7) %. The moisture content was determined using a moisture analyzer (Sartorius MA 35, Germany). Two grams dried sample was put on inside an aluminum pan at temperature of 105℃ for 30 min. The "MC." of dried samples was expressed in percentage on a dry basis.
III. MATHEMATICAL MODELING OF DRYING CURVES
For mathematical modeling the equations in Table II e M are relatively small compared to M and M 0 . Thus, the moisture ratio can be calculated as follows [12] :
The non-linear regression analysis was performed using sigma plot software. The correlation coefficient ( 
IV. RESULT AND DISCUSSION
A. Drying Kinetics
The drying kinetics of chamomile flower dried in a vibrofluidized bed dryer under operating conditions is shown in Fig. 2-Fig. 4 . The figures address the effect of operating variables such as the temperature, air velocity and frequency. Fig. 2 show the variations of moisture ratio of the drying samples versus time for different temperature, at f=7.8 Hz and U=1.03 m/s. The results shown with increasing the temperature of the drying air from T=40 ℃ to T=60 ℃ decreased of moisture ratio. The increase in temperature gets about rise in evaporation rate and effective mass diffusivity which result in higher drying rate. The same results are achieved by plotting moisture ratio versus time in Fig. 3 and Fig. 4 . Continuous decrease in moisture ratio indicates that diffusion has governed the internal mass transfer.
Therefore, moisture ratio decreased in specific time with increasing at inlet air temperature, air velocity and frequency. 
B. Mathematical Modeling
Experimental results of changes in moisture content were fitted to empirical drying models, namely Lewis model (1), Henderson and Pabis model (2) and Page model (3) .
The curve fitting criteria and estimated parameters for drying models for vibrofluidized bed drying of chamomile flower at different operating conditions are summarized in Table III . 
